One of the often used measures of economic development is gross domestic product per capita. In Poland the Main Statistical Office collects the data on this variable on several levels of aggregation. The paper shows the application of panel data models in order to classify Polish voivodships according to the level of economic development. As explained variable the regional GDP per capita was used and such variables as structure of employees, unemployment rate or retail sales per capita were the explaining variables. As a result the groups of voivodships with similar pattern of economic development were distinguished.
Introduction
Regional analyses often compare the development degree of various objects on different aggregation levels in space and time. The basis for such comparison can be both a synthetic variable created with the use of, for instance, linear ordering methods 1 , or a variable selected a priori out of a group of macroeconomic variables characterising an economic situation in the examined objects. Most often the role of such a synthetic variable is played by the gross domestic product per capita, the value of which is published by the national statistics authorities for the whole country, its regions, voivodships and sub-regions.
The aim of the article is to compile a classification of voivodships in the study period which both takes into consideration the diversified level of GDP per capita and gives the opportunity to detect common properties characterising individual voivodships as far as the impact of specific macroeconomic variables on its level is concerned.
For the GDP per capita the authors estimated models with a non-randomly varying intercept. When selecting the models they assumed that the mechanism of correlations between macroeconomic variables and the GDP is similar in all the voivodships, but in each of them we can observe differences in the level of a dependent variable that can be identified by varying 
Models with Varying Parameters
There are many models with varying parameters (for panel data) whose nature was described in works of such authors as Judge (1985) , Johnston (1991) and Maddala (2006) . Due to the aim of the study the authors used the model with intercept term non-randomly varying by objects (voivodships) (model 1).
The equation for any i-th object where the intercept term varies over the objects is:
where: We assume that the mean of random errors e i (i = 1, 2, ..., N) for each object and period is zero, their variance is constant and they are not correlated over the objects.
Model (1) can be expressed as the following equation (2) The model (2) form shows that the intercept term β i for a given object is a parameter for a zero-one variable that adopts the value of 1 in case of the object i and the value of 0 in case of other objects.
Prior to estimating the model (2) its re-parametrization has been performed due to which the model takes the following form:
Thus the re-parametrization is performed through deleting from the model (2) the zero-one variable for the object N and replacing it with a variable consisting of N · T ones. The relation between the model (2) and model (3) parameters is defined by the formula (4).
where i = 1, 2, ..., N -1.
The Characteristics of the Data
The authors We can see that the graphic presentation of this variable is similar in all the voivodships, the only difference being in its level (the Mazowieckie Voivodship evidently stands apart from the others).
The selected quartile groups could end the process of voivodship classification if their economic situation was assessed solely on the basis of their GDP per capita. Further in the article the authors will demonstrate that the same regularities are typical of individual voivodships if we do not presuppose the number of groups and if we take into consideration the impact of specific macroeconomic variables on the GDP per capita level. Since the authors applied models with varying intercept term, they simultaneously assumed that the impact of specific macroeconomic variables on the GDP per capita level is identical in each voivodship. 
Results of Estimation of the Applied Models
The authors suggested including in the set of explanatory variables 7 macroeconomic variables which (in line with the theory of economics) influence the level of the gross domestic product. According to the econometric modeling process, after we have selected 'candidate' variables and collected statistical data, the next step to specify variables for the model is the selection of explanatory variables which satisfy the definite formal and statistical criteria. This is why before estimating the ultimate model forms the authors calculated the coefficients of correlation among the proposed variables (see Table 1 ). The gross domestic product per capita is strongly correlated with such variables as the average gross salary in the enterprise sector, the gross income per capita and the retail sales per capita. Moreover, these variables are strongly interrelated, therefore set of explanatory variables in the final version of the model includes the unemployment rate and the share of services workers to the workers' total 4 . Also, the gross domestic product per capita is significantly correlated with the share of agriculture workers, but due to the strong correlation of this share with the share of services workers the model includes only the latter variable 5 .
The estimation of the model (3), where the zero-one (dummy) variable for the object N has been dropped, is presented in Tables 2 and 3 (4) are the same. The values of the β 1i parameters are to be found in Table 4 . Tables 2 and 3 The β 1i value makes it possible to put the voivodships in order, but it is rather difficult to distinguish groups of them (to classify them) -you cannot explicitly indicate the differences between individual values of β 1i . This is why in order to classify the voivodships the authors used the approach where subsequent 15 6 models were estimated (in line with the formula 3) and they checked which of the δ i parameters were not statistically significant. The lack of statistical significance of the δ i parameter proves that there is no difference between the intercept term for the ith voivodship and the intercept term for the voivodship, for which the zero-one variable has been dropped in the currently estimated model. In this way the authors distinguished groups of voivodships that were similar as far as the level of the β 1i intercept term was concerned.
The groups are presented in Table 5 , in the order from the least to the biggest value of the β 1i intercept term. 
Conclusions
The conducted study shows that in case of panel data the models with an intercept term varying in a non-random manner over the objects can be a useful tool for classifying objects.
Thanks to these models it is possible to classify objects with reference to both the level of a dependent variable as well as the influence of other economic variables on this particular one. Distinguished groups of objects are similar regarding the level of the β 1ii intercept term and, additionally, the higher the value of this parameter, the better operational efficiency of objects belonging to a given group. In this case better efficiency is understood as a higher level of a dependent variable when the level of explanatory variables is the same. Such interpretation refers to the dependent variable being a stimulant. In case of a destimulant the better efficiency would mean a lower level of the dependent variable with the level of explanatory variables being the same.
The article demonstrates that the voivodships with the real GDP per capita level from the first and the second quartile groups (excluding the Wielkopolskie Voivodship belonging to the fourth quartile group) would achieve higher GDP per capita than other voivodships, provided their unemployment rates and the share of the services workers in all the voivodships were the same.
Notes
1 See Pociecha et al. (1988) , Siedlecki (2000) , Malina (2004) , Rozkrut (2006) . 2 Compare the results presented in Batóg, Mojsiewicz, Wawrzyniak (2010) . The Authors applied models with varying intercept to classify the households on the insurance market. The intercept varied by objects in the regard to the education level and place of residence. 3 Besides the names of variables the authors placed the abbreviations which are used in the paper. 4 The examination of the dependency between GDP per capita and the shares of workers in economy sectors to the workers' total in European regions was conducted by Strahl, Markowska (2006) . 5 The model with the following explanatory variables: the unemployment rate (SB), the share of agriculture workers to the workers' total (UPR) and the share of services workers to the workers' total (UPU) was also estimated, but the parameter for UPR was not statistically significant. 6 The model for Zachodniopomorskie Voivodship is presented in Table 2 and Table 3. 
